Five patients, two British and three
Electromyography showed evidence of denervation in distal and proximal muscles. The median, ulnar, radial, and sural sensory action potentials were absent. Motor nerve conduction velocities in the ulnar, tibial, and peroneal nerves were normal or slightly reduced and slow in the median nerve (29 m/s), with small compound muscle action potentials. Routine haematological and biochemical tests gave normal results except for a mildly raised creatine kinase activity (248 IU/1), and there was no evidence of paraproteinaemia on protein electrophoresis. Rectal biopsy showed amyloid deposition which gave a positive reaction to a monoclonal antibody to TTR (provided by Professor P Collins). A sural nerve biopsy also showed small endoneurial deposits of amyloid, but sections used for TTR staining contained no amyloid.
Case 2 A 60 year old man was seen in 1989 with a two year history of distal numbness and more recent stabbing pains in his feet; about six months after onset in his legs he noticed similar symptoms in his hands. Five years earlier he had had surgery for bilateral carpal tunnel syndromes with good relief of symptoms. He also complained of constipation and numbness of the penis with erectile impotence. There were no symptoms of bladder dysfunction or postural hypotension. He was of mixed Scottish and English ancestry; extensive genealogical investigation going back to the eighteenth century showed nothing to suggest similarly affected relatives. On examination he had weakness of ankle dorsiflexion and toe extension, absent tendon reflexes and flexor plantar responses. He had distal impairment of pain and temperature sensation, more than loss of light touch in his limbs, and on the anterior abdominal wall, and mild impairment of vibration and position sense in his toes. Serum immunoelectrophoresis was normal. Sensory action potentials were reduced in amplitude in the median (3 pV), ulnar (4 pV), and sural (1 uV) nerves, with mild reduction in conduction velocities, and motor nerve conduction velocities were normal or slightly reduced with small compound muscle action potentials; there was evidence of denervation in distal muscles on electromyography.
A sural nerve fascicular biopsy showed severe depletion of myelinated nerve fibres, particularly those of smaller calibre. There was evidence of both active fibre degeneration and regeneration. Small 3 and 4) . The product is shown undigested (574 bp; lanes 1 anc and after digestion with SspI (lanes 2 and 4) . Digestion of the control product results fragments of 440 and 134 bp, whereas in the patient the extra restriction site producec the mutation cleaves the 440 bp fragmentfrom the mutant TTR allele into two of 313 127 bp, the latterforming a doublet with the normal 134 bpfragment. 17 The proband presented in the sixth decade of life "with symptoms of lower limb neuropathy, chronic diarrhoea, and periorbital purpura." His father had similar symptoms and died of renal failure aged 57 years. It is striking that cases 2 and 3 presented with symptoms of the carpal tunnel syndrome, several years before developing a more generalised neuropathy, and these were relieved by surgery. This is also a common presentation in the Indiana/Swiss and Maryland/German types of familial amyloid polyneuropathy.' Late onset neuropathy and cardiac amyloidosis occurred in all four of our patients with the tyr77 mutation, and also in both members of the French kindred reported with the same TTR variant.23 This family came from Picardy, as did the parents of the patients in cases 3-5, and they are probably related. There is no known German or French ancestry in case 2.
As patients 1, 2, 3, and 5 gave no history of affected relatives, familial amyloid polyneuropathy was not considered initially as a clinical diagnosis. These disorders are probably underdiagnosed as the possibility of a genetic disorder is often not entertained in this clinical context. Several TTR mutations clearly show reduced and variable penetrance. Studies in patients from Cyprus and France showed that seven out of 10 with the TTR met30 mutation were sporadic cases. 9 The potential for late onset in these disorders and the likely probability that the neuropathy and the possibility of amyloidosis are overlooked in some affected patients explains the seemingly sporadic nature of some cases. Furthermore, some gene carriers never develop the disease, even in advanced age.' 9 25 26 These data have important implications for genetic counselling. TTR gene analysis provides a simple non-invasive means of screening patients with amyloid neuropathies, including apparently sporadic cases, and their relatives for the various types of familial amyloid polyneuropathy. Our observations indicate that this is a potentially useful investigation in patients originating outside the areas of Europe where the condition is endemic; it should be applied diagnostically in patients who have peripheral nerve amyloidosis or are suspected of having so on the grounds of having a predominantly small fibre sensory syndrome in the limbs with autonomic features. Amyloid deposits in sural nerve biopsy specimens may be small and overlooked, as in case 5, and are genuinely undetectable in some cases of familial amyloid polyneuropathy because there are sampling problems related to the patchy nature of amyloid deposition.26 Also, as indicated in case 3, absence of TTR immunoreactivity in biopsy material does not exclude the possibility of a TTR related neuropathy. 
